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= Records removed before screening:
g Document types other than articles, review
E;- Records identified from Database: articles, and books are excluded;
§ (n=88828) Languages other than English are excluded;
g- The publication year of 2024 was excluded;
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Fig.1 Screening and inclusion process of mire-related publications based on the PRISMA flowchart
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Table 1 Trends in annual numbers of publications in top 10 countries globally

No. Country Total
il United States 2350
2 United Kingdom 1408
3 China 1210
4 Canada 734
5 Germany 634
6 Australia 4 18 24 414
7 France 36 8 7 7 11 14 7 6 9 13 18 . 23 15 19 16 28 389
8 Spain 1 1 7 6 6 § gl 8 piENbE 9 B 18 21 17 16 15 362
£ Netherlands 7 5 8 4 15 10 12 6 14 14 3 10 17 14 13 15 16 17 24 13 23 24
10 Russia 1 2 2 4 3 2 3 1 6 11 6 7 7 10 13 10 12 20 23 26 22

0<x<10 10=x<25 25=x<50 50<x<100 x>100
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Fig.3 Proportion of mire-related terminology usage and co-occurrence analysis in the top 20 countries based on
publication numbers

(a) proportion of English terminology related to mire; (b) analysis of co- international cooperation
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Fig.4 Analysis of keyword co-occurrence and cluster



Keywords Year Strength Begin End 2000 - 2023
jura mountains 2002 5.852002 2009 —
fire history 2006 5.22006 2015 —
lake sediments 2003 5.08 2003 2009 —
vegetation 2000 5.012013 2014 i
rare earth elements 2021 4922021 2023 po—
petrology 2010 492010 2016 PE—
gates formation 2005 4.62 2017 2020 —
peat 2003 4582003 2012 s
origin 2005 4.232011 2017 e
sequence stratigraphy 2005 3.97 2019 2021 —
evolution 2007 3.97 2018 2023 —
enrichment factors 2003 3.752003 2005 —
climate change 2005 3.682017 2019 —
pb 2002 3.632002 2005 o

KIS SREHARIL M CAT 15 ASo-8D
Fig.5 Burst analysis of top 15 keywords
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SRBEIA FIBCR AR B o H5 IR AN = 51 1R SC (51 FHRE>10 4]0 WP 22 58 T1H &
BT DY A R AT B4

*2 XBEARLSHHGAREFRHHRREER

Table 2 Representative themes in different sub-fields from keyword cluster analysis

Cluster Theme Number Keywords

Coal; Basin; Geochemistry; Sequence stratigraphy; Depositional
environment; Palynology; Trace elements; Coal facies; Originl;
Lignite; Miocene; Biomarkers; Petrology; Petrography; Coalfield;
Accumulation; China; Inner Mongolia

Sedimentary environmentiandsmineral products 18

Climate; Charcoal; Vegetation; Evolution; Fire; Holocene; Pollen;

2 Palacoclimdle 12 History; Record; Climate change; Human impact; Lake

3 Carbon accumulation 5 Sediments; Peat; Organic matter; Deposition; Carbon

Palaeoecology 4 Palaeoecology; Forest; Pennsylvanian; Nova Scotia

3.1 Be—: IRIMEST &

BAE NS RRIBEN =Y, HhaEE R R HARER. WEYE. Bh
L U BIPHUE S 0 HOERGEE R WU A S50 I 45 B TR SRR
BRI it AR SR 24 B (Dai et al., 2020) . Diessel (1992) #EH T kK
A RS (GD KA LURAFEE (TPD , Calder et al. (1991) 32 H T Hh R /KR E (GWD
FHEYARE (VD , XA S H0nT DL B il MR B IR 358 SR e A R (R e 5%,
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2021) o &AMk, SRS BURIRE PPl BB FEA S B Kk P, I HLAE 2010 422 2016
IR OB SRR TTE R (B 5) o (A e 2 3 i S B B P 42t SOt = O, o,
Moore and Shearer (2003) Fii, YesARRPTRIIREEZ (8] (A SCHEIR /N, BT LAFIH 4 4
7 EEARIR PRI B R SR A BT AN R 32 ;. Sen et al. (2016) X2 A KIS A
PRAF AR BEAT T VPR, 48 R A L b VR BRI B AR AE SR IR . BRI, S S
BT AR 8 TE PRI S FR A AR IR M — bk, L SR 7R R A 43 A7 75 V2 AT A ELIGE AR
S

BESRIUY) T A Wb SV A LR 22 5 BT iR A T 6 TA40 B . KB4 i R
TR BRI ER R A JR S AR 1045 5., T LUR T 55 SR 2 T B 1) 8 o VA AL A 44 R VT A
A B ZAF M ERE (Mitrovié et al, 2016) , HEERTLSHEM ST THM R . BETFIX—
MR, Jasper et al. (2010) . Zieger and Littke (2019) . Zdravkov et al. (2020) %5234 7E N
FRAE S 500 FC BB B IR BT, BIN T A AL IR (b 22 AT A S 4R, o VA 3 ol PR 5%
WAL R IR T 2 4IRS . 30 — e U BT SRR A R ) [H) ¥ 5% R AT A
Ko KRIAERIRFM (Zhuetal, 2012) « fRKAEEE (Shietal, 2022) . MR JEME
(Yuetal, 2022) . WHBARMIEE (Zhangeral., 20100 FERRKIHEE 2365 B < k4G 7
itz o

TE PR BT A I U8 i R b e S T ORI B AR K SR R B, A R KA kv T A
AAETA RN Uerrett eral, 2011) « FINEFFHUZEFRIGMENT I RIBEIARERE, A
Tk — B BRI R K FUASERSE (R AL, FEA B TR @ SRR TR A 5 R ME T e 3 2 1) 1 3 2 0%
Bt (Luetal, 2017; ZEH%55] 2022)  BFHUZE 5 B AR T TR BEE ALHT 5T LK,
FE 2019—2021 FASRE T HF AL AL (B 5) o BEE R Z 7 U2 20t S0 s THE ) B ] 2 —
HLAEETE 2019 41T 5 V2R B 2 Fr 2 5 10 R T LUK AR 2 s R % 42 1) DR 36 AT AR e b fi
B o FIF 2 e 12 5057 1207 LUK 53 D JUAS TR S g [0, e B 2 v H REAAIG H
SRS & T R Z T IE SR T € [E] (Guo etal., 20185 Lietal, 2020) ; Uh4h,
HRE e 1 e AU [ 5 AR Y 3 PO R AR 8 B B DITAR O, SR KLU B 52 A R R O DTRRER
b BB K TR AN ZE T AR AL AOBKED (Wang er al., 2020) o XS AT 5 5 S0 4
B IR T B A 7K SCRFALE B2 JEEAR 2 v 1 ot A58 S50 T T B s e SRt 17 DR SRR 4

HOBRAL AN ) 22T T 0T DAAR BESC T HREUTRR SR AR . BN SRR . e R 0
& @ IAFAE )T ALE RS St T (5 B B FE R, b5 [ 52 I V8 B3R B i AL N 5
KALEZ) . FEIRAESS |« WK R RG0S B S S FE 25 VA OC (Dai et al., 20085 Li et al.,
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2012; Zhao etal., 2013) , IXE&3EHF)FTHEHT A M RURLLE VBB h P ST AR 5 U Y 55
LAFUUMRAE . R RS SR e R T BRI A E— B BE R, 45 As. Cd. Se. Ti.
Hg. Pb. Sb Ml Zn 0 R SHALYIN P KEL, Rb. Tiv Cry Zr. Hf 0K SR
PIRIGE, Sr Fl Ba £ SRR EhBUAEBERR £ MAHOC (Ward, 2002)

FEBEE B R VE BRI min G M ) R R, R OGRS R I U TRAEAL A
YRR S K32 222 550 (Chitlango et al., 2023; Xuetal, 2025) , HiHRETHtT
Z (rare earth elements) HIWFFTH 2021 S LKA TR AL (B 5) o KK . BB
AR NTIGE & R i X [ e TE PR gk it 4, PR SRR R, EEE% AU
TRAEFH RN, TERIER SRS BT REEACR SR IR (R, 2025) .

32 HaEZ: BRI
321 HFK

UEAESR, APRVFZ X2 ) T SRR 2 1 BT I B g S5 AR 5 S50 S % A o
FEE I E K S (Vachula er al., 2022) o EEEET 25 9 EF RGE AT LU BRI R SR 1) BF Kt
FURBEH AT S (Marlon, 20200 « AHLEAFFAHMIREIN B R LA, 7TEUERE
ZOMH AN T B K A . SR MR (Shao et al., 2024a) . REEFR O ZEZIIRM+H
LA IR (FERTZ) J2 b B JOR AR L AR SR (Scott, 20100 o #EZ I TFIE (PAHS)
Ak 2 st e A St 5T g s b B K OR AR Y T AEYIAR B E ) (D’ Anjou et al., 2012;
Denis et al., 2012) .

AU S AR LA R P RIS $ ) Y S B (M B SR R (Langdon er al., 2003;
Hughes and Barber, 20040 73S KB KA T RN, A FEE KI5 2006
FF 2015 LG R THRAE, MR ABSIER (B 5) o HEFAHARET
B KA FAZE (Jasper and Uhl et al., 2011; Sillasoo et al., 2011; Hudspith et al., 2012;
Petersen and Lindstrom, 2012) . “UfEiA#ZHLH| (Haberle and Ledru, 2001; Bal etal., 2011;
Holz et al., 2012) . HE#25% (Yaneral, 2016; Jasperetal., 2017) /S5 RGN (Xu

etal., 2020, 2022; Zhoueral., 2024) SFFl2z0R &, FI BT EHE 2R E G E
322 KRARME

2000 FELLfE, AHRHE RO MG e BT E S B ARS8 (As, Sb, Hg Ml Pb)
RSV 5, 2002—2005 ERCAFAT (B 5) o Roos-Barraclough e al. (2002) 43#7 T
Biit Lk 2 L Bk EARYE R VA B R K IE 14 500 10 KRR Bl sk, KBTI Hdran 5 KUK
PR LR X SR NBREHEE S Cloy eral. (2009) IBFFEIEH, TR 2B R



KIH SRS 5 S T T B IR T A R S AR

IR VBEEH P YURUE B 1 PEIE R As. Sb BEHR, T AT SHEMFIZE B HIR K As.
Sb BT HEBIE I H L Allan er al. (2013) ERRIN—ALIERIBE TR, Yo @B R IVF3 R
FRUERAE Tl i 5 L TV A aT w63 £%. JTHEok, VREEIEHL AR & 4 8 T R4 (K75 S vl
5 ANIGESNE VIR, Hoi5 Yl O XS R A P2 L 5P BRI A DA S A BRI e
dFE (Sierra-Hernandez et al., 2018) . M4k, WMEERIIZ I Iike (PAHs) JTFEXEEERITS
e v 151 1F 3% %% BIRL4 S B9 (Ouyang et al., 2022; Ortizetal., 2023) .
33 HAR=: BREE

TR A A BRERAG IR RAIE S E BN, BAEAF T4 6 000 2R, 54 ERER S &K =
52— (Yuetal, 2011) o VRH A PR AL S AIHLH R 5 2 K IR 70 10 2 1) 2
—, 1E 2003 FE & 2012 FERIBCNIF ARG (B 5) o BUARFFERM, ki & R R ah
AR KR R ARy R KA N SRIE B4 (Callaway er al., 2012; Charman
etal., 2015; Watson etal., 2017; Galka etal, 2022; <Shaoetal, 2024b) . Hrf, S fx
2T I I RURE 9 ke B SR (¥ A T L DR B0 7, 1T B K RNk Y3 935 Bk SR 2 (1 5 i U 477 B
BEUL A F IR KA R A B A KR, AT B0 R B i 77 2 T B
(Wieder et al., 2009) , 4 %E N NEF KN SHIREZ (B3 BAH HHAM O, AT
RIEKRE, B KRIEARPERE 7KK Cvan Bellen et al., 2012) .
34 ARl HES

% J 2K H A4 Pennsylvanian. forest. palacoecology il Nova Scotia PUAMZ 0 < 17, A
HEFG 17 T 5 A7 VE B ML A2 AR B i AR A X — B ) W AR AR VK R AR T s — K
FUAS BB SR K, R B i) U AR A R Z 5 e T AE )AL (Dimichele, 2014) o 5%
47 15 JE V808 R BRAE I AR TE PR I TR N I A T AR R G2 —, T T B R AR
17 7 BB R % [ W M2 (Gastaldo et al., 2004; DiMichele ez al., 2007) . ¥£%%
F B A MR AL AR B S IT T 58 47 1058 W48 VR AR 0 1A AL I R 3 25 T
B, KPR BT 5 & R AR B L] (Cleal et al., 2012; Pendleton ez al., 2012;
Bernardes-de-Oliveira ef al., 2016; Quick ezal., 2016; DiMichele ez al., 2017) .
4 TRPESESURTERE SCRAE FH RN

[ bR LS THEBEMAREM A ZFZ R, REEKESL T AERE XER ASCRATR
RIBBEARFIFRTTR (BVK, 1998) , X FEEHH I B 1A 1 BLARRE SGHAT T RUA . IR,
e B ARER S AT B SR A S, TR RS SRV TE 32 AR 5 v f) 45 P i e
Wo YERIAEE (mire BL peatland) JfE48 —FRA R 768 470 i BOREPD Tk M 2L ) U 2 J 2 SR A 10



BEEH, W JEREEE B 30 cm (Joosten and Clarke, 2002) . Mire FIRFE RJEHR IE
FETE A EORE L, T peatland 8 (¥ 2 A ERCHEARE o6 H IR AEAE — 2 B IR RV IR = (1 [X 15K
(Barthelmes et al., 2015) . Godwin (1941) ¥ 5efgH | mire XA, %AW 505
FNPREE H myr UM, (ENATE HARFIE H AR VB IR VBB A4S R 40138 Al 7] (Wheeler and
Proctor, 20000 . HNZEERAIERZ M5 51 muskeg A1 bolote SRFK /R Ve KB B, 1% [E F moor
RARRIE I, AMZAEIEPAE “AEm. /E” WER C(MEES, 2005 , &F
I, ARSCARIAE FSCEAE H N moor SRR RTE K IHEE

Ve R T8 AR G0 BN N 2 SR K 28— i Hb R K B 2R K A IR A IR U R T
(minerotrophic/eutrophic mire, B fen) , LA 5¢ 4t R BE/K B2 4L 5 7% X I 77 Y 2R V8
(ombrotrophic mire, Ef bog) (DuRietz, 1949; Lindsay, 2016) . [ 2% Weber (1902)
SR IBEIEAT T 538, B H B X 73 AARAL e R P (Niedermoor) « HUALYE 5 VA &
(Ubergangsmoor) L& AL Ye i V8E (Hochmoor) = 2K, MX 5 RMIEAR IR = L Vulk 5
ASH IRV R B (fen) 3% 5 30 MY 75 U8 % 78 5 (blanket bog MAYK [ e 3 Y 77 V8 7% 8 5 (raised
bog) L (Gore, 1983; BRAR%E, 2021) , B LAEEUAE FHAH OC [ 558 AE B 4L moor.

MRABR SR, BT N AR E (marsh) FIARAEE (swamp) o FATHEZ H
TR TR IR A BRI, B AR KA FVE A B A Y R 7H P (Gong et al., 2020;
Shen et al., 2021) , MiAAEE FRHBEHEPLIFAR FFARBHEA) HE (Mitsch and
Gosselink, 2000) o FATEEEMARATE BN F3— A RBEX AIARIAE TR KR b, FAH
Pt R 7K SR KA AR ARV Bt K TR S K L3R (Taylor ef al.,
2021) o fEiz FAEAHIEHOCGI/TPI AHED FIAEDTRREER MR, W A=A
TBERAVE YIS T SCARTE, B limnic. limno-telmatic A1 telmatic, “BXATTHT B [ HF 302 X
WUAEWATA - E—PE LR (258K, 1994; Kara-Giilbay, 2015) .

B4, EEEFER B (wetland) 7 X—ARIER PSR T “BE” 2ABH
(9, BRIA B B B2 IR 75 Y o I R B AR K bt B K A AR DA AL K R 1
M FELE 44K (Dugan, 1993; #M A, 2011) o JRHUAFE RAREL N T 7K A B8 i 17
FEdh Ve BOK I, B FIEBURSIRAK . R BUKEBURKAE, AR KRN
it 6 m (i1 (Finlayson and Moser, 1991) .

TEREHE BT 24008, S XVER M AN A R ERAE TR, STk, @0k mire /£
NE R T SR Rl R B o R T SRR AEHR 2 T, 75 5 VA e e Y VAE 1) 2 ) 3 AT

RALEPEE ] fen, mALVEEENIRR A bog, LURSHEM [ ML BTUR BHRHIE: AT RARET
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BP KA P R A VAR B AR DA SRR A S R N R AR A B
RFAE A 2R, U A swamp B marsh.

ASCR A PRISMA FiFEFE L SCHRI SR AT AL SE & 10575, Ul B4R 7 Hhs 2 op
TBEEDT T R RS KA TR o PR BE IR ik . A NRIAT AL IRAR A IR T 20 Hr
SRS ORI BRI, T B2 AU B T, RHE A R AR
B OICHRA R A 10 R
5 HinS5RE

(1) 1943—2023 4, 43k 123 MEEKAMX S 5EEET L2, Hr 2000 52 H5%
BIF 8 THIEL I BCA A S SO ) BT . BUJR, TR S UG TR BRI 7L R SO R A 2
bFEass, BRI I R A 2 R A AT IR AR RS o AN IR [ AR VR A RIS
FHCRE AR FAFAE2E 5, X — LR B &5 B ERT 7 p BT R AR T R AL S A U

(2) RGHHLS 45 T BT 2 U () VAR AIAEN RIS v B it e R
2, Wi RIS R AR . BRI E R Ocu i B FAE . RRUTRE. R
R ARG AESEZAN .

(3) BT VHEMEAARRE S, S5 A BT 3 b T8 BERTT 7 1) R R 167 S0 B R A A, S LA
A 5 AR 0 2 T 1) Y PV BEAT T RN S5 PR 1 VA BT SR BOREYE N A U o mire
Ve E ZH BRI T XA AT GpR: 2475 2255 H R e R vE B ) 2 () 2 A i, ARAL
BEEEH fen, SALEEEN R bog BANHE IR ) mire; #7875 i BB A
AEEHRHE, 8105 \Swamp 5 marsh.

(4) TEREH T =400, [ BRI 784 Ja RIS AR JLAS 7T : O REE AN L8 g
[ PROZE R R L 7EHE B b BR A 27 4TS ) 5 K AR B AN QT , 76 LS B 9T b SRR 350 S F K
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il RErh, ARG 2eiE F B & K R AR AR S 4L (2R e, AT
SRR IR B ATAEAE SR . BT, MRS BRI AYEAY. Bay. ¥
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BEfS T OB A — T An AT BE 51 R AR A, R TIHIE Fu 4 L m] S b
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Research Fronts and Terminology Suggestions for Mires in
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Abstract: [Significance] Mires serve as the fundamental environment for coal deposition throughout geological
history, offering invaluable insights into Earth’s history, paleoclimate and environmental evolution, and they are
also significant with regards to the global carbon cycle. Numerous geological scholars have conducted a wealth of
research on mires. Understanding the research fronts and trends in mire-related studies within coal geology can
guide future research. When writing research papers and using professional terminology, scholars may confuse or
misuse terminology due to the diverse concepts and English expressions of mires, thus making it particularly
crucial to clarify and accurately apply mire-related terminology. [Progress|] Based on data from the Web of
Science, common English terms related to “mire” were used as search keywords. A PRISMA flowchart was used
to screen out 7479 relevant articles which focused investigations into the temporal evolution and international
distribution of mire research in the field of geology. This was further examined using VOSviewer 1.6.20 to
conduct keyword co-occurrence analysis on 726 reseatch papers focused on mires in coal geology (selected from
the 7479 screened articles). Subsequently, by integrating English definitions of mire-related terms with studies on
mires in coal geology, suggestions are offered for_simplifying the application of mire-related terminology.
[Conclusions] (1) From 1943 to 2023, a total of 123 nations and regions worldwide participated in mire research,
with the year 2000 marking a significant turning point when mire studies gained momentum and became a subject
for detailed discussion. Since then, the number of research publications on mires in geology has generally
exhibited an upward trend, with/seholars from leading research countries engaging in frequent exchanges and
academic discussion. Usage frequerncies of English mire-related terminology vary between countries, reflecting
particular research emphases on .different mire types. (2) By integrating meta-analysis, bibliometrics and
visualization techniques, research on mires in the field of coal geology is systematically reviewed and summarized.
Research themes linked to the topic include coal depositional environments and their evolution, paleo-wildfire,
atmospheric deposition, carbon accumulation, paleoclimate and paleoecology. (3) “Mire” should be considered as
a general term for mire-related concepts. When there is a need to emphasize the spatial distribution of mires, “fen”
is an appropriate term for low-lying mire, and “bog” should be used instead of “mire” for raised mires. When the
ecological or vegetative characteristics of mires need to be highlighted in research, it is recommended to use the
words “swamp” or “marsh”. [Prospects] The results offer valuable insights for understanding the developmental
trajectory of international mire research, identifying research fronts of mires in coal geology, and standardizing the
application of mire-related terminology in English. Future research on mires in the field of coal geology should
actively and effectively utilize big data or machine learning techniques (e.g., simulation modeling, database

construction, statistical data analysis, and image recognition classification). Additionally, a multidisciplinary
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approach integrating geochemical, organic petrological, coal petrological, and mineralogical methods should be
systematically employed throughout the research process to ensure comprehensive insights.

Keywords: Mire; coal geology; research fronts; terminology; bibliometrics
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